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Abstract: Thyroid cancer is a common diagnosis with greater than 34,000 cases per year 
in the United States. Early stage thyroid cancer is often managed with surgical intervention 
and radioactive iodine; however, for recurrent or metastatic disease, the treatment options, 
historically, have been limited to chemotherapy. Chemotherapy for metastatic thyroid 
cancer has been of limited efficacy. Encouragingly, molecular therapeutics have played a 
greater role in managing patients with advanced disease. These agents work primarily 
through disruption of tyrosine kinase pathways. This review will discuss the expanding 
role of molecular targets in managing patients with advanced thyroid cancer. 
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1. Introduction 

Worldwide, thyroid cancer is the 17* most common cancer, with over 140,000 new cases per year. 
More than 75% of newly diagnosed cases are seen in the female population. Thyroid cancer has an 
estimated worldwide annual mortality rate of greater than 35,000 [1]. In the United States (U.S.), the 
incidence and mortality rate of thyroid cancer has been increasing. Reasons for this increase are not 
clear, but are felt to be related to better diagnosis and changing pathologic criteria [2]. In 2009, the 
annual incidence of thyroid carcinoma in the U.S. was 34,000. In that same time period the annual 
cancer related deaths experienced by persons living with thyroid cancer was greater than 1,600 [3]. In 
the U.S. population the lifetime risk of developing thyroid cancer is less than 1% (0.83% in women 
and 0.33% in men) [4]. The only known environmental risk factor for the development of thyroid 
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cancer is exposure to ionizing radiation a risk that appears increased in children and those patients with 
a family history of thyroid carcinoma [5]. 

Thyroid carcinoma is usually asymptomatic at time of diagnosis with 50% of malignant nodules 
discovered during routine physical exam, on imaging obtained for other reasons, or during surgery for 
benign disease. The other 50% are initially appreciated by the patient as an asymptomatic nodule [6] 
Metastatic disease often will present on imaging or with symptoms related to the organ involved. 
Common sites of metastases include the lung, bone or the central nervous system [7-9]. 

There are three main histologic types of thyroid cancer: differentiated, medullary and anaplastic. 
Differentiated thyroid cancers, including papillary, follicular and Hurthle subtypes, account for 90% of 
all thyroid malignancies [10]. The majority of these tumors are curable with primary therapy which 
consists of surgery when feasible, followed in many patients by radioiodine and thyroxine therapy [11]. 
Medullary thyroid cancer originates from parafollicular cells and accounts for 3-5% on newly 
diagnosed cases per year, but a disproportionate degree of mortality [12]. Anaplastic thyroid cancer, 
similar to the differentiated subtypes, originates from thyrocytes but accounts for less than 2% of all 
thyroid cancers [10]. It is almost universally fatal as it is not sensitive to raidioindine and is often not 
amenable to surgery because of early metastases and/or extensive local invasion. 

Patients with advanced thyroid cancer are frequently offered surgery or radioiodine therapy, if the 
tumor is still iodine avid, under either a curative or palliative intent. External beam radiation therapy is 
utilized for symptomatic metastases. Once thyroid cancer metastasizes to distant sites and loses its 
ability to concentrate iodine, it is not amenable to radioactive iodine or surgery, the expected survival 
declines rapidly [8,13]. Chemotherapy is the only viable option for systemic management but has been 
uniformly disappointing [14]. Traditional cytotoxic chemotherapeutic agents such as doxorubicin and 
cisplatin are generally associated with no more than 25% partial response rates, complete remission is 
rare and toxicities from these treatments are considerable [15]. Doxorubicin monotherapy, which 
remains the only treatment of metastatic thyroid cancer approved by the U.S. Food and Drug 
Administration, is occasionally effective when dosed appropriately (60-75 mg/m" every 3 weeks), but 
durable responses are uncommon [16-18]. The combination of additional therapy to doxorubicin has 
not proven to be of significant benefit [19-21]. Due to the limited efficacy of chemotherapy in 
advanced thyroid cancer and given certain characteristics associated with the biology seen frequently 
in thyroid cancer, molecular therapies are being investigated as an option in management. 

2. Molecular Therapies 

Molecular agents, focused on inhibition of tyrosine kinase pathways, are expanding treatment 
options for patients with a broad spectrum of tumors, including thyroid cancer. Molecular agents are 
directed at proteins expressed on the surface of cells or at products of protein binding. The molecular 
targets include vascular endothelial growth factor inhibitors (VEGF), epidermal growth factor 
inhibitors (EGFR), and mammalian target of rapamycin (mTOR) inhibitors. 

Angiogenesis is the formation and maintenance of new blood vessels that enable survival, growth, 
and metastases of tumor cells. Kinases function as signaling intermediates that stimulate tumor 
proliferation, angiogenesis, invasion, metastasis, and avoidance of apoptosis. Most cancers, thyroid 
and otherwise, eventually acquire autonomy from native, healthy tissue and are able to activate these 
kinase proteins [22]. These proteins have been isolated and include vascular endothelial growth factor 



Pharmaceuticals 2011, 4 



93 



(VEGF) which stimulates angiogenesis by attaching to VEGF receptors on endothelial cells [23,24]. 
These new vessels allow for tumor propagation and metastases. Inhibition of these proteins and similar 
molecules downstream from VEGF has proven, in early phase trials, to be efficacious in management 
of thyroid cancer. 

2.1. Aflibercept 

Aflibercept is a VEGF-Trap (VT) compound which is recombinantly produced fusion protein 
consisting of human sequences for VEGF receptor extracellular domains and human immunoglobulin 
which effectively suppresses tumor growth. A phase II trial was initiated utilizing aflibercept in 
radioactive iodine refractory thyroid cancer. Aflibercept 4 mg/kg IV was dosed on a two week cycle 
until discontinued due to disease progression or tolerability. No complete or partial responses were 
appreciated, 18 patients had stable disease and the median duration of stable disease was 178 days. 
Side effects included proteinuria, lymphopenia and reversible encephalopathy [25]. 

2.2. Axitinib 

A common finding in thyroid cancer of all histologic subtypes is the increased levels of VEGF 
compared to a healthy thyroid organ [26-28]. Multiple pre-clinical studies have shown that axitinib 
rapidly and selectively inhibits VEGF 1, 2, and 3 activity and thus resultant angiogenesis in tumor 
models [29-32] Axitinib is an potent, oral, and selective inhibitor of VEGF receptors 1, 2, and 3. 
Cohen and colleagues [33] enrolled 60 patients with advanced, incurable thyroid cancer not amenable 
to surgery or radioiodine therapy. Patients were enrolled onto a single phase II trial to receive axitinib 
5 mg orally twice daily, which was dose escalated to 7 mg orally twice daily and again to 10 mg orally 
twice daily, as patients tolerated therapy with no grade 2 or greater adverse events. Partial response 
rates were observed in 18 patients for an overall response rate of 30%. Stable disease lasting > or = to 
16 weeks was seen in 23 patients. Responses were seen in patients of all histologic subtypes. Median 
progression free survival was 18.1 months. Treatment related adverse events that were grade 3 or 
greater included hypertension, fatigue, diarrhea, weight loss, headache and proteinuria. 

2.3. Bortezomib 

Bortezomib is a reversible proteasome inhibitor. Inhibition of the proteasome pathway affects 
multiple signaling pathways including the RAS/RAF pathway leading to cell cycle arrest and 
apoptosis. In a phase I clinical trial bortezomib was used in combination with sunitinib in patients with 
radioiodine-refractory thyroid cancer. Seven patients were enrolled in the trial. Two patients (33%) had 
a partial response and four patients (66%) had stable disease, one patient was not evaluable at the time 
of publication. Bortezomib was given in a dose escalating fashion (1-1.6 mg/m weekly) and standard 
doses of sunitinib (37.5 mg or 50 mg daily) were used. There were no dose limiting toxicities but 
thrombocytopenia, neutropenia and hypertension were appreciated [34]. Bortezomib is FDA approved 
for therapy in multiple myeloma and mantle cell lymphoma. 
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2.4. Everolimus 

Everolimus is a mTOR inhibitor which is currently being evaluated for use when patients have 
progression of disease on sorafenib. Thirty-five patients with iodine-resistant differentiated thyroid 
cancer are being enrolled in a phase II trial at time of progression on sorafenib. Patients are continued 
on sorafenib 200 mg po BID and in addition are given everolimus 5 mg po daily. Doses will be 
escalated as toxicities allow to a maximum of 400 mg BID of sorafenib and 10 PO daily of everolimus. 
This trial continues to enroll and results are pending [35]. 

2.5. Gefitinib 

A tyrosine kinase inhibitor of the EGFR, gefitnib has been studied in non-small cell cancer [36], 
and due to an up regulation of EGFR on normal and malignant thyroid tissue phase II trials have been 
undertaken. In one study of 27 patients there were no partial or complete responses, but eight patients 
had tumor reduction that did not qualify as a partial response and one patient with anaplastic histology 
had stable disease for 12 months [37]. Rash, weight loss, nausea and oral ulcers are frequent side 
effects associated with gefitinib. Currently gefitinib is FDA approved for locally advanced or 
metastatic non-small cell cancer of the lung which expresses EGFR. 

2.6. Motesanib 

Another multi-kinase agent, motesanib is an oral inhibitor of the tyrosine kinases of VEGF receptors 
1, 2 and 3, platelet-derived growth factor (PDGF) and KIT (a downstream target of VEGF) [38]. An 
early phase I study in patients with advanced solid tumors found motesanib to be well tolerated and 
have evidence of antitumor activity [39]. Sherman and colleagues treated 93 patients in a phase 2 study 
with progressive, locally advanced or metastatic, radioiodine-resistant differentiated thyroid cancer 
with motesanib. Patients were initiated on motesanib 125 mg orally once daily and monitored for 
progression of disease and side effects of therapy. Partial response was appreciated in 13 patients with 
62 having stable disease. Median progression free survival was estimated at 40 weeks [40]. 
Schlumberger et al performed a phase II trial which evaluated motesanib in patients with locally 
advanced, metastatic, or symptomatic MTC. Patietnts were given motesanib 125 mg orally daily for up 
to 48 weeks or until unacceptable toxicity or disease progression. Ninety one patients were enrolled, 
two achieved objective response, 74 patients had stable disease with 48% of these patient having 
durable stable disease, defined as greater than or equal to 24 weeks [41]. Common side effects of 
motesanib therapy included diarrhea, hypertension, fatigue, hypothyroidism and anorexia. Further 
trials need to be studied to evaluate the efficacy of motesanib among all histologic subtypes of thyroid 
cancer. 

2.7. Pazopanib 

A tyrosine kinase inhibitor targeting VEGF receptors, PDGF and C-KIT, pazopanib was assessed in 
a phase II trial as an active agent in metastatic radioiodine-refractory differentiated thyroid cancer. The 
study enrolled 39 patients. Each patient received pazopanib 800 mg po daily in 4- week cycles until 
disease progression, drug intolerance or both. Clinical outcomes were assessed in 37 patients and 
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partial responses were appreciated in 18, a response rate of 49%. Dose reductions were necessary in 16 
patients with the most frequent side effects including fatigue, skin and hair hypopigmentation, diarrhea 
and nausea [42]. Further studies are underway further evaluating this agent in patients with 
differentiated thyroid cancer, as well as in patients with medullary and anaplastic thyroid cancer. 

2.8. Sorafenib 

Sorafenib is an oral, multitargeted tyrosine kinase inhibitor with activity against VEGF receptors 2 
and 3. It also shows inhibition of RET oncogene and the serine kinase BRAF, a downstream target in 
the VEGF pathway. Given the predisposition of RET activity particularly in medullary thjToid cancer, 
the anit-RET activity of sorafenib was felt to make this drug an active agent against thyroid cancer [43]. 
Multiple early phase clinical trials have found sorafenib to be a well tolerated option with antitumor 
activity in metastatic iodine-refractory thyroid cancer. In one phase II trial 30 patients were enrolled and 
initiated on sorafenib 400 mg po twice daily. Seven patients had a partial response lasting 18-84 weeks, 
16 patients had stable disease lasting 14-89 weeks, with the median progression free survival being 
79 weeks [44]. A second phase II trial of sorafenib targeting RAF and VEGF receptor kinases in 
papillary thyroid cancer (PTC) was also undertaken. This trail had two arms, arm A assessed patients 
with chemotherapy-naive PTC. Arm B patients had other subtypes of metastatic thyroid cancer or 
previous chemotherapy. Patient were given sorafenib 400 mg orally twice daily, with responses 
assessed every two months with the primary endpoint being objective response rate based on RECIST 
criteris. Of the 41 patients evaluated, six patients had a partial response, 23 patients had stable disease 
longer than six months. Median progression free survival was 15 months [45]. Common toxicities of 
sorafenib include desquamating rash of the hands and feet, and gastrointestinal symptoms including 
nausea, diarrhea and weight loss. Sorafenib is approved by the U.S. FDA for treatment of renal cell 
cancer and hepatocellular carcinoma, its multitargeted kinase inhibition makes it an attractive agent for 
many tumors and its role in thyroid cancer is being further evaluated in ongoing phase III clinical trials. 

2.9. Sunitinib 

An oral, small-molecule tyrosine kinase inhibitor of VEGF 1, 2 and 3, and RET, sunitinib was 
initially looked at in a small series of patients who saw a partial response receiving 50 mg orally daily 
times 28 days followed by 14 days with no therapy [46]. Preliminary results, from Cohen and 
colleagues, of a phase II trial in patients with progressive differentiated thyroid cancer or medullary 
thyroid cancer reports a partial response rate of 13% in 31 differentiated thyroid cancer patients. There 
were no partial responders in those patients who had medullary cacner. Stable disease was seen in 68% 
of differentiated thyroid cancer and 83% of medullary thyroid cancer patients [47]. In more recent 
studies, two complete responses and eight partial responses were reported in a phase II trial of 
29 patients with either metastatic medullary or differentiated thyroid cancer whose metastatses were 
PET avid. This patient cohort received 37.5 mg orally continuously until either disease progression or 
side effects which mandated discontinuation of the medication [48]. Hypertension and resultant 
cardiomyopathy is the most significant side effect of sunitinib. Currently sunitinib is FDA approved 
for us in gastrointestinal stromal tumors (GIST) and renal cell cancer. 
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2.10. Tipifarnib 

Tipifarnib inhibits farnesyl transferase, preventing activation of RAS and selectively killing RAS- 
transformed cells. In a phase I trial, tipifarnib was used in combination with sorafenib in 35 patients 
with either differentiated or medullary thyroid cancer. Durable responses which was defined as a PR or 
SD greater than or equal to 6 months were seen in 13/15 (87%) of differentiated thyroid cancer and 
9/10 (90%) of medullary thyroid cancer. Ten patients were discontinued from the study prior to the 
first re-staging due to toxicities which were primarily related to hand-foot skin reaction. The maximum 
tolerated dose of tipifarnib was 200 mg daily in split doses and 600 mg daily of sorafenib [49]. 

2.11. Vandetanib 

After demonstrating potent inhibition of VEGF-2 tyrosine kinase as well as activity against VEGF 
3, epidermal growth factor receptor (EGFR), and RET kinases [50], vandetanib was studied in 
30 patients with metastatic familial form of medullary thyroid cancer. This phase II trial started patient 
on vandetanib 300 mg orally daily. A partial response was seen in 33% of those patients, and stable 
disease was seen in 63%. Toxicities were manageable with most common adverse events being 
diarrhea, rash, and asymptomatic QTC prolongation [51]. Based on the results of these and other early 
phase trials. Wells et al conducted a randomized, double blinded phase III trial on patients with 
unresectable, measurable, locally advanced or metastatic MTC. Patients were randomized 2:1 to 
receive vandetanib versus placebo, the primary end point was progression free survival. The data for 
this trial is still being accumulated but at median follow up at 24 months statistically significant PFS 
prolongation (HR 0.45, 95% CI 0.3-0.69, p = 0.0001) was observed [52]. Vandetanib has been 
submitted to the US FDA for approval in the setting of advanced medullary thyroid cancer. 

3. Summary 

Thyroid cancer is a disease which has limited treatment options when patients present with 
metastatic or radioiodine resistant tumors. Systemic chemotherapy has limited efficacy and a 
significant side effect profile. External beam radiotherapy is used only in the setting of a solitary 
metastatic focus or palliation of symptoms. Despite this, treatment options for patients with metastatic 
radioiodine resistant thyroid cancer are increasing. Advances in molecular oncology and the 
development of novel agents inhibiting angiogenesis, specifically VEGF receptors, have shown 
efficacy. Improvement in progression free survival suggests potential significant clinical benefit from 
therapy. Unfortunately, these novel agents have not been found to improve overall survival for patients 
with metastatic thyroid cancer. The toxicity profile of many of the tyrosine kinase inhibitors, while less 
than cytotoxic chemotherapy, can be dose limiting and significant. The low rate of partial response and 
the clinician's inability to predict who will and who will not respond to therapy dictate that further 
clinical trials, both with newer more effective agents and in combination with systemic therapy, 
are needed. 
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